Abstract Private residences in rural areas with water systems that are not adequately regulated, monitored, and updated could have drinking water that poses a health risk. To investigate water quality on the Crow Reservation in Montana, water and biofilm samples were collected from 57 public buildings and private residences served by either treated municipal or individual groundwater well systems. Bacteriological quality was assessed including detection of fecal coliform bacteria and heterotrophic plate count (HPC) as well as three potentially pathogenic bacterial genera, Mycobacterium, Legionella, and Helicobacter. All three target genera were detected in drinking water systems on the Crow Reservation. Species detected included the opportunistic and frank pathogens Mycobacterium avium, Mycobacterium gordonae, Mycobacterium flavescens, Legionella pneumophila, and Helicobacter pylori. Additionally, there was an association between HPC bacteria and the presence of Mycobacterium and Legionella but not the presence of Helicobacter. This research has shown that groundwater and municipal drinking water systems on the Crow Reservation can harbor potential bacterial pathogens.
Introduction
In the USA, over 15 million households rely on private ground water wells for their primary drinking water source [1] , and in many rural areas private and community groundwater wells provide a major source of drinking water. During 1999-2002, 22 % of water-borne illnesses were attributed to individual water systems and 36 % were attributed to community systems [2] . Private water systems are not routinely monitored for bacteriological water quality, thus, little is known about the presence of bacterial pathogens in these systems. Information regarding well water quality on Indian Reservations in the USA is equally scant. However, it is known that American Indian populations have disproportionately high disease burdens compared to the overall population of the USA [3] . This is due to many factors which include economics, geographic isolation, cultural barriers, and inadequate sewage disposal [4] .
The United States Centers for Disease Control report that chronic lower respiratory disease, influenza, and pneumonia are among the top ten causes of death among American Indian and Alaska Native populations [1] . In Montana, cancer is included as a major cause of death for American Indian populations [5] . Although it has been observed that the disease burden of these populations is greater than for the overall population of the USA [3, 6] , very little research has been done to identify causes and potential routes of exposure to infectious agents and environmental carcinogens. In the present study, community-based participatory research principles were used to guide the aims of this research [7] . Meetings were held on the Crow Reservation where members of the Crow Environmental Health Steering Committee (CEHSC) expressed their concern about the relationship between poor drinking water quality and respiratory diseases and stomach cancer. In addition to widespread concern over drinking water quality in general, there was a specific concern regarding anecdotal reports of higher than average Helicobacter pylori infections. To address the concerns of the community, three bacterial genera with members that are potential drinking water pathogens, Mycobacterium, Legionella, and Helicobacter, were chosen for investigation (personal communication, John Doyle). Local staff, both Crow, recruited participants and collected home tap water samples. Throughout the course of the research, investigators met regularly with the CEHSC to seek their input and keep them apprised of progress and results.
Mycobacterium species are common inhabitants of drinking water systems and are known to survive and proliferate in biofilms [8, 9] . Several species of this genus cause respiratory disease in mainly immunocompromised individuals, including members of the Mycobacterium avium complex, Mycobacterium gordonae, Mycobacterium flavescens, and others [10] [11] [12] . Legionella are ubiquitous throughout aquatic environments including ground and surface water, and manmade water reservoirs such as potable water systems and cooling towers [13] [14] [15] . Legionellosis is thought to occur when Legionella are aerosolized and inhaled [16] . However, it has been suggested that transmission of the different forms of legionellosis, and the resultant severity of disease, may be related to an association with biofilms [17] . Helicobacter are pathogens of the gastrointestinal tract of mammals but have been found in many environments such as well, river, and pond water, in addition to house flies, and cattle feces [18] . Helicobacter pylori are the primary bacterial cause of gastritis, as well as peptic and duodenal ulcers in people around the world [19] . Infection is known to increase the risk of the development of gastric mucosa-associated lymphoma and adenocarcinoma [16] . Water is a short-term reservoir, with the pathogen often occurring sporadically in drinking water supplies that have been exposed to sewage or have been contaminated by infected animals [20] .
Drinking water samples and their associated biofilms were tested for heterotrophic and coliform bacteria by traditional culture methods. Mycobacterium, Legionella, and Helicobacter species were detected by culture and/or PCR. The aim of this study was to investigate whether these organisms are common inhabitants of drinking water systems on the Crow Reservation in southeast Montana.
Materials and Methods
Study Area The Crow Indian Reservation, MT, USA, was the primary location for sample collection and analysis. Fifty-seven locations were sampled across the Crow Reservation and include 43 private residences and 14 public buildings. The Crow Reservation, the largest reservation in Montana, is rural with an average population density of 1.9 individuals per square mile [1] . The Crow tribe has an enrolled membership of over 13,000 and approximately 72 % of members live on or near the Reservation [21] . The major township on the reservation, Crow Agency, has drinking water provided by treated surface water, while other townships utilize community wells [22] . The Crow Agency treatment facility performs reliably and adequately; however, at the time of this study the distribution system in Crow Agency was nearly 100 years old and was vulnerable to cracks and leaks (personal communication, John Doyle). Most of the residents outside of designated townships have privately maintained groundwater wells.
C o n t r o l B a c t e r i a l S t r a i n s a n d G r o w t h Conditions Representative species from each genus of interest were kept as frozen stocks at −70°C and used as positive controls in both PCR and culture methods. The M. avium W2001 strain used in this study was originally isolated from drinking water in the Boston area [23] , was cultured on Middlebrook 7H10 (Difco), and incubated at 37°C for 10 days. Legionella pneumophila strain 33153 was obtained from the American Type Culture Collection, cultured on Legionella agar (Difco) enriched with 0.7 % L-cysteine and 0.3 % ferric pyrophosphate (Difco) and incubated at 37°C for 7 days. The H. pylori strain 43504 was obtained from the American Type Culture Collection and was cultured on H. pylori-specific HP media and incubated in a microaerophilic atmosphere for 1 week at 37°C [24] . All control strains were grown and sequentially transferred twice prior to use as positive controls.
Sample Collection and Processing Samples were primarily collected from kitchen sinks in private residences and kitchen or restroom sinks in public buildings. Biofilm samples were collected first by systematically wiping the inside of the drinking water faucet with a sterile cotton swab before any flushing or sterilization of the tap. Three swabs were collected from one faucet at each residence or building and were placed in individual tubes containing sterile water for transport. To calculate surface area of the biofilm, the faucet dimensions (depth and width) were measured and recorded. After biofilm collection, the faucet was wiped with 95 % ethanol to sanitize it before bulk water collection. One liter of water was then collected without flushing and is denoted as Bfirst flush.^First flush sample collection was implemented partway through the study (n=20) and thus this fraction was only analyzed for groundwater wells. After the first flush collection, the water was run from the tap for 2 min minimum or until water temperature stabilized prior to parameter measurement. Physical and chemical characteristics were measured using standard methodologies. The presence and quantity of free and total chlorine was measured using a colorimetric method (Hach kit model CN-70 chlorine test kit, Hach Co., Loveland, CO). Chlorine in the water was neutralized by the addition of 2 % sodium thiosulfate after collection. Temperature and pH were measured using a multi-parameter probe (Oakton, Vernon Hills, IL). After a minimum of 2 min of flushing, Bpost flushŵ ater was collected in three separate 1-l sterile plastic bottles. All samples were placed on ice and transported to the laboratory and processed within 24 h. In the laboratory, tubes containing biofilm samples were vortexed for 1 min and the cell suspensions from each swab were pooled and mixed. Pooled cell suspensions from the same source were used for all biofilm analysis. To concentrate water samples, 900 ml from each liter sample was filtered through a 0.45-μm 25-mm diameter mixed cellulose ester filter (Pall Corp., Ann Arbor, MI). The filter was vortexed in 1.5 ml of PBS at maximum speed for 1 min, and then removed, and the cell suspension centrifuged at 13,000×g for 10 min. The supernatant was removed and the cell pellet was resuspended in 100 μl of sterile water. Pooled biofilm and both concentrated and unconcentrated water samples were used for DNA extractions and genus-specific culture methods.
Quantification of Fecal Indicator Bacteria and Heterotrophic Bacteria Fecal indicator bacteria were quantified for first flush and post flush water samples using standard methodologies. The presence of fecal contamination was determined by growth on the selective and differential membrane filtration m-Coliblue24® broth (Hach Co., Loveland, CO). mColiblue24® broth is a nutrient, lactose-based medium that selects against the growth of non-coliforms. Total coliform colonies appear red due to the presence of the non-selective dye, 2,3,5-triphenoltetrazolium chloride (TTC). Escherichia coli colonies are distinguished by a blue color which results from the action of b-glucuronidase enzyme on the 5-Bromo-4-chloro-3-indolyl-beta-D-glucuronide substrate contained in mColiblue24®. One hundred milliliters of each water sample and appropriate dilutions were filtered, and the filter was placed on a pad soaked with 2 ml of the Coliblue24® broth. The filters were incubated at 37°C and growth was observed at 24 h. Post flush water samples were collected in triplicate and each replicate was analyzed separately. Sterile water was filtered as a negative control and was also inoculated with environmental isolates of E. coli and Klebsiella pneumoniae as positive controls. Heterotrophic bacteria were enumerated for biofilm, first flush, and post flush samples by plating on R2A agar followed by incubation at 30°C for 2 weeks.
Culture of Drinking Water and Biofilm Samples for Pathogenic Bacteria
The drinking water and biofilm samples were analyzed for the presence of Mycobacterium, Legionella, and Helicobacter by organism appropriate culture techniques. Due to overgrowth by other micoorganisms, specific selection methods were employed to target the organisms of interest. To select for members of the genus Mycobacterium, 200 μl of each unconcentrated water sample as well as the pooled biofilm suspension were treated with a final concentration of 0.005 % cetyl pyridinium chloride (CPC) (Sigma, St. Louis, MO) for 30 min as previously described [25] . After CPC treatment, 100 μl was plated onto M7H10 agar (Difco) and two replicates were plated for each sample and incubated at 37°C for up to 3 weeks. To select for Legionella species, each sample was heated to 50°C for 30 min in a water bath [26] . Subsequently, 100 μl was plated onto enriched Legionella agar (Difco) and two replicates were plated for each sample and incubated at 37°C for 1 week. The samples were also cultured on H. pylori specific HP medium [24] . The plates were placed in a BBL anaerobe jar with a BBL CampyPak Plus™, and incubated for 1 week at 37°C. All presumptive isolates were subcultured and subsequently identified by PCR and phylogenetic analysis. All culture assays included control strains inoculated into sterile water and treated according to specific selection protocols.
DNA Extraction from Biofilm and Water Samples
Nucleic acids were extracted from the pooled biofilm suspensions and from water samples. DNA was extracted within 48 h of sampling and the extracts were immediately frozen at −20°C. Biofilm samples were concentrated by centrifugation with all but 100 μl of the supernatant removed followed by resuspension of the pellet into the supernatant. The biofilm suspension and concentrated water samples were added to 2-ml plastic screw cap tubes with o-rings (Fisher) containing 0.4 g of 0.1 mm sterile glass beads. Two hundred microliters of lysis buffer consisting of 20 mM sodium acetate (Fisher Scientific, Fair Lawn, NJ), 0.5 % sodium dodecyl sulfate (Fisher), and 1 mM ethylenediamine-tetraacetic acid (Fisher) and 500 μl phenol (pH 8.1) (Fisher) was also added to each 2-ml tube, and the mixture was homogenized in a Fastprep® FP120 cell disrupter at speed 5.0 for 40 s. After homogenization, samples were placed on ice for 10 min. The samples were then centrifuged at 12,000×g for 10 min. The DNA was precipitated by transferring the supernatant to a fresh 2-ml tube containing an equal volume of chloroform: isoamylalcohol (24:1). The samples were vortexed for 30 s and then centrifuged at 12,000×g for 5 min. The supernatant was transferred to another fresh tube containing an equal volume of isopropanol and 1/10 volume of 3 M sodium acetate and held at −20°C for 24 h. The nucleic acids were subsequently pelleted by centrifugation, washed once with 70 % ethanol, air-dried, and finally resuspended in 100 μl of Tris-EDTA buffer (TE) consisting of 10 mM Tris and 1 mM EDTA (Fisher).
PCR Amplification, Sequencing, and Phylogenetic Analysis The target genes, sequences, product sizes, and PCR conditions are listed in Table 1 . To ensure that the PCR reaction was not inhibited by environmental contaminants, amplification of each sample was performed using eubacterial 16S rRNA primers as described by Voytek et al. [31] . Primer sets amplifying gene fragments ranging from 400-1030 bp were chosen from previously published assays due their high level of reproducibility and high detection limits (data not shown). Amplification of the PCR products was done in a 25-μl PCR mixture containing 1× PCR buffer II, 200 ng template DNA, 200 μM (each) deoxynucleoside triphosphates (Takara Bio Inc., Japan), 0.1 μM (each) of primer (Integrated DNA Technologies, Coralville, IA), and 1 U LA Taq polymerase (Takara). Aliquots of each PCR product were separated by electrophoresis in a 0.8 % (w/v) agarose gel (Fisher) in TBE buffer consisting of 90 mM Tris-HCl (Fisher), 80 mM boric acid (Fisher), 2.5 mM EDTA (Fisher) and stained with ethidium bromide (0.5 μg/ml). PCR products were purified using the Qiaquick PCR purification kit (QIAGEN, Valencia, CA) according to the manufacturer's instructions. Automated sequencing from both strands of PCR products of positive samples was performed by the Molecular Research Core Facility at Idaho State University. DNA sequences were assessed for their similarity to published DNA sequences using the BLAST database (http://www.ncbi.nlm.nih.gov/BLAST/). Sequences were aligned with ClustalW [32] . Phylogenetic trees were constructed using the neighbor-joining method [33] and the Jukes-Cantor distance model [34] with bootstrap values of 1000 replicates within MEGA v4.0 [35] . All sequences were deposited in GenBank, accession numbers HQ018935-HQ018989.
Statistical Analysis All data were compiled and for all instances where plate count values had a value of zero indicating none detected, a substitution rule was used [36] . An arbitrary value (0.25) was chosen to replace all zero plate counts so that log transformations could be performed. Multiple linear regression and logistic regression tests were performed in Minitab® to determine correlations between pH, temperature, drinking water and biofilm heterotrophic bacteria, total coliform bacteria, Helicobacter, Legionella, and Mycobacterium [37] . Additionally, paired and Welch two sample t tests were performed on heterotrophic and total coliform bacteria to determine if there were significant differences between first flush, post flush, and biofilm samples [37] . Fisher's exact tests were performed to determine if the presence of Mycobacterium, Legionella, and/or Helicobacter had a relationship with each other [38] . Fisher's exact tests were also performed to determine if there was a relationship between Mycobacterium, Legionella, and Helicobacter and the source of the drinking water (treated municipal or groundwater well) [38] . A Benjamini-Hochberg correction (10 %) was applied to all analyses to minimize false discovery due to multiple comparisons [39] . All P values reported in this study were significant after correcting for multiple comparisons.
Results
Physical Characteristics of Sampled Drinking Water A total of 57 sites were sampled during this study. Sixteen samples were collected from public buildings and private residences that had drinking water supplied by treated municipal systems, while the 41 remaining systems were community and private groundwater wells. Total and free chlorine were 
Detection of Heterotrophic Bacteria and Fecal Indicator
Bacteria Heterotrophic bacteria were enumerated to assess whether these organisms were associated with the presence of potential pathogens. Table 2 shows the range and arithmetic mean of HPC bacteria in first flush, biofilm, and post flush drinking water samples. Differences in the mean HPC populations between the first flush and post flush fractions collected were evaluated using Minitab®. There was a significant difference in mean HPC bacteria when first flush and bulk water samples were compared (P=0.025) with first flush samples having higher numbers of HPC bacteria on average.
Differences in HPC bacteria between treated municipal and groundwater wells were also evaluated (P=0.029). There was a difference in HPC bacteria in biofilm samples depending on the drinking water source (P=0.049); however, after applying the Benjamini-Hochberg correction, this relationship was not significant. Overall, biofilm samples collected from groundwater wells had higher HPC bacteria counts than biofilm samples collected from treated municipal systems. There was not a significant difference in HPC bacteria numbers between the source water types for the post flush water samples. Total coliform bacteria were enumerated in first flush and post flush drinking water samples. Coliform bacteria were found in both treated municipal (37.5 % or 6/16) and untreated groundwater wells (40 % or 16/40) in post flush water samples. E. coli were not observed in treated municipal samples but were found in 10 % or 4/40 of post flush groundwater well samples. Table 2 shows the range and arithmetic mean of coliform bacteria and E. coli in drinking water samples.
Presence of Mycobacterium, Legionella, and Helicobacter Mycobacterium species were detected in 35.1 % or 20/57 of the locations sampled, with 15 found in the biofilm fraction and 8 in the drinking water fraction. Of the 20 locations that tested positive for Mycobacterium, 8 were treated municipal systems and 12 were groundwater well systems. Figure 1 shows the phylogenetic relatedness of the PCR and culture isolates. The Mycobacterium species sequences detected were closely related to known species including M. gilvum, M. mucogenicum, M. murale, M. flavescens, M. gordonae, M. manitobense, and members of the M. avium complex (MAC) (>95 % similarity). To assess whether there was a relationship among the presence of Mycobacterium and total coliforms or HPC bacteria, logistic regression was applied in Minitab®. Identical analyses were performed for all three genera tested in this study. The analysis showed a relationship among Mycobacterium detected in the system and HPC bacteria in biofilms and drinking water (P =0.009 and P=0.05, respectively). This showed that, in general, as HPC bacteria increased, the odds of encountering Mycobacterium increased as well.
Legionella species were detected in 21 % or 12 of the 57 locations sampled with 5 of those in the biofilm fraction, 8 in the drinking water fraction and only one occurrence of Legionella in both the biofilm and drinking water. Of the 12 samples positive for Legionella, 8 were at treated municipal sites and 4 were in groundwater. Figure 2 shows the phylogenetic relatedness of Legionella detected by PCR directly and from culture isolates. The Legionella species detected include uncultured L. sp., L. pneumophila, L. sp., L. fairfieldensis, and L. dresdeniensis (sequence similarity >95 %).
The results of the logistic regression showed a positive relationship among post flush HPC bacteria counts and Legionella in the system (P=0.003). In general, as HPC bacteria increased, the odds of encountering Legionella Fig. 1 Phylogenetic relationship of 16S rRNA gene amplified with Mycobacterium genus-specific primers with Corynebacterium glutamicum as the out-group. Reference sequences are in bold with accession numbers in parentheses. Sequences from this study are indicated by code as follows: DW drinking water, BF biofilm, p PCR, c culture, g groundwater, and m municipal increase as well. The greatest interaction occurred among Legionella detected in the biofilm fraction and post flush HPC bacteria (P=0.001). Coliforms were present in 6 of the 12 samples where Legionella were detected, but there was no significant relationship among total coliforms and the presence of Legionella (P = 0.679). However, there was a significant association among E. coli and the presence of Legionella (P=0.018).
Helicobacter species were detected in 7 % or 4/57 of locations sampled, with 2 of those in the biofilm and 2 in the drinking water. There were no occurrences of Helicobacter in the drinking water and biofilm concurrently. All of the positive samples were identified by PCR alone. Figure 3 shows the phylogenetic relatedness of the Helicobacter sequences detected by PCR directly. The only Helicobacter species detected was H. pylori. Coliforms were found in 2 of the 4 samples where Helicobacter were detected. Logistic regression did not demonstrate any significant correlation among any of the biological or physical parameters collected or the source type of the drinking water and the presence of Helicobacter.
To determine whether there was a relationship among each of the three genera of interest, a Fisher's exact test was 
Discussion
The results of our study show that Mycobacterium, Legionella, and Helicobacter can be found in drinking water and associated biofilms on the Crow Reservation, in both treated municipal water and untreated well water. The data also indicated that the number of HPC bacteria correlated with the presence of Mycobacterium or Legionella. To the authors' knowledge, this is the first study to look at the factors related to the presence of potential pathogens in drinking water systems on an American Indian Reservation.
This study found that community and private groundwater wells as well as municipal samples contained coliform bacteria. In our study area, municipal and groundwater systems are vulnerable to contamination, particularly during wet seasons that result in flooding events. These flooding events can drastically increase the turbidity of surface waters and hinder water treatment, potentially allowing coliform contamination of finished water. During March 2007, the largest treatment facility on the Reservation (located in Crow Agency, MT) was required to shut down due to mud and debris that clogged the intake pipe after a flood (personal communication, Barbara Burkland, USEPA). During this time, an order was issued for all of Crow Agency that drinking water must be boiled to be safe for drinking. Fourteen of the samples collected from treated, municipal sources were taken from private residences and public buildings supplied by the water distribution system at Crow Agency, MT. The remaining two municipal samples were collected from private residences in Lodgegrass, MT. Five out of the fourteen municipal samples were collected during the March 2007 boil order that was issued due to the flooding and closure of the drinking water treatment facility at Crow Agency, MT. Each of the five samples collected during the boil order tested positive for coliform bacteria but were negative for the presence of E. coli. This particular event accounts for all of the coliform-positive municipal system samples except one, which occurred shortly after this flood. Groundwater wells in rural areas are vulnerable to flooding but are also susceptible to contamination from septic systems and inappropriate disposal of sewage effluents and sludges [40] . During sample collection, we occasionally observed instances where well heads were completely inundated after precipitation and water at the tap was turbid and/or odiferous.
Coliform bacteria often do not adequately predict the presence of pathogens, as has been demonstrated in waterborne outbreaks of Cryptosporidia, Giardia, and Salmonella [41] . The lack of concurrence between the detection of Mycobacterium, Legionella, and Helicobacter and coliforms indicates that fecal indicator bacteria have limited use in Fig. 3 Phylogenetic relationship of 16S rRNA gene amplified with Helicobacter genus-specific primers with Campylobacter jejuni as the out-group. Reference sequences are in bold with accession numbers in parentheses. Sequences from this study are indicated by code as follows: DW drinking water, BF biofilm, p PCR, c culture, g groundwater, and m municipal predicting the presence of these environmental pathogens inof H. pylori was greater than 50 % as measured by the 13 C urea breath test (unpublished data, Melius et al. 2005) . That study also indicated that the presence of H. pylori infection was associated with regular consumption of city water as indicated by questionnaire results. Untreated well water has also been implicated in clinical infections in the USA [20, 64] . Areas with poor water quality may be more likely to have higher rates of waterborne transmission of this disease, especially in children [30, 54] .
I n c o n c l u s i o n , m i c r o b e s s u c h a s M . a v i u m , L. pneumophila, and H. pylori can be found in drinking water systems on the Crow Reservation, Montana. To address health disparities in underserved communities such as American Indian reservations it is important to determine potential reservoirs of infection. These results are pertinent to water utility managers, regulatory agencies, as well as epidemiologists interested in identifying disease-causing agents in rural drinking water systems. In addition, this study provides insight into the ecology of potentially pathogenic bacteria in drinking water systems.
